Objective: To provide 9-year incidence estimates for obesity and overweight and describe weight changes over time in an African-origin population. Design: A population-based cohort in which participants were examined at baseline and reexamined after 9 years. Measurements: Obesity and overweight were defined as having body mass indices (BMIs)X30 and 25 kg m À2 , respectively. Incidence rates were based on persons without such conditions at baseline and are presented along with 95% confidence intervals. Results: Of the 869 men and 921 women at risk at baseline, the 9-year gender-specific incidence rates for obesity were 6.9% (95% confidence interval (5.3, 8.8)) and 13.1% (11.0, 15.5), respectively. The incidence of obesity steadily declined with age, decreasing from 14.4% for those between 40 and 49 years of age to 1.5% for those who were 70 years and older. Overall, the incidence of obesity over 9 years was B10%. The 9-year incidence rate for overweight was 23.3% (20.5, 26.3). Changes in weight over the 9-year period varied by age group. Persons 40-49 years of age at baseline gained, on average, almost 3% of their baseline body weight, whereas persons X70 years lost 5% of their body weight in 9 years. Conclusions: This study highlights the high incidence of obesity/overweight in this cohort and suggests that the future public health burden of excess weight and its associated comorbidities may be elevated in this population of African origin. The development of strategies and interventions for the prevention and treatment of obesity/overweight are therefore of primary and immediate importance.
Introduction
The problem of obesity has reached epidemic proportions. 1 Numerous reports have documented the prevalence and increasing trends in obesity [2] [3] [4] [5] [6] [7] [8] and have noted higher rates among populations of African origin compared to other groups. 6, 9, 10 Although cross-sectional estimates are a first step in addressing the problem of obesity, reliance on these data to guide interventions has its limitations. Prevalence data do not provide estimates on rates of change or the causal relationship between obesity and its associated factors, thus making it difficult to target those at highest risk. This necessary information can only be gleaned by evaluating incidence data, which are quite limited, [11] [12] [13] especially among individuals of African descent. Since the link between increased weight and a variety of medical conditions such as hypertension, diabetes, hyperlipidemia and others has been well-established, [14] [15] [16] these data are important to guide interventions and reduce the personal and public health burdens associated with excess body size. The purpose of this investigation is to present 9-year longitudinal data, including incidence estimates of obesity and patterns of weight gain/loss over this time period in a predominantly African-origin population.
Methods
Data for the present analyses were obtained from the population-based Barbados Eye Studies, a series of investigations designed to evaluate the prevalence, incidence and risk factors for major eye diseases in the predominantly Africanorigin population of Barbados, West Indies. The studies began with the prevalence (baseline) phase, the Barbados Eye Study (BES: 1987 (BES: -1992 , followed by a 4-year incidence phase (Barbados Incidence Study of Eye Diseases I, BISED I: 1992-1997) and a 9-year incidence phase (Barbados Incidence Study of Eye Diseases II, BISED II: 1997 II: -2002 ). The BES cohort was derived from a simple random sample of Barbadian-born citizens, 40-84 years of age and the demographic composition of the cohort closely matched the census population. Of the 4631 participants at baseline, 4314 (93%) self reported their race as black, 184 (4%) as mixed (black and white) and 133 (3%) as white/other. At follow-up, 3427 (85% of those eligible) participated in BISED I and 2793 (81% of those eligible) were reexamined in BISED II. The BES, BISED I and BISED II protocols were comprehensive and have been described previously. [17] [18] [19] In brief, in addition to a complete ophthalmologic evaluation and detailed interview, the study examination included demographic information, as well as anthropometric and other measurements. Height was assessed using a stadiometer and weight was determined using a balance beam scale; however, neither height nor weight was measured during the 4-year follow-up (BISED I). Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters (kg m
À2
) and obesity status was defined as follows: BMIo24.9 (normal), 25.0-29.9 (overweight) and X30.0 kg m À2 (obese), based on World Health Organization (WHO) standards. 1 The WHO criteria were selected to enable comparisons with other longitudinal studies such as Framingham 20 and NHANES. 5 
Statistical analyses
Logistic regression analyses, adjusted for age and sex, were used to compare baseline characteristics between the participants and the non-participants after 9 years. The distribution of 9-year weight changes was determined among persons with weight measurements both at baseline and 9-year follow-up. Percentage of weight change over 9 years was calculated as the weight during the BISED II examination minus the BES weight (at baseline), divided by the BES weight. Descriptive statistics for weight at baseline and percentage weight change are presented as mean7s.d. by each age and sex strata. The 9-year incidence of obesity was based on those who developed obesity by the 9-year follow-up but had a BMIo30 kg m À2 at baseline. Likewise, the incidence of overweight was determined among those who had BMIo25 kg m À2 at baseline and BMIX25 kg m À2 after 9 years. Age-and sex-stratified incidence rates are reported along with 95% confidence intervals (CIs). The analyses were generated using SAS software, version 9.1.
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Results
Among the 4631 persons examined at baseline, 870 died and 968 either moved away, were too ill or refused to participate after 9 years. Of the 2793 BISED II participants, 2612 self reported their race as black and among them, 2445 had weight measurements collected at both study visits. Table 2 presents the ageand gender-specific weight at baseline, as well as percentage weight changes during the 9-year period. Both genders tended to become leaner with increasing age. Men and women between 40 and 49 years of age at baseline gained 2.6 and 2.9% of their body weight, respectively; whereas, a steady reduction in percentage weight change was found Po0.05 for participants vs non-participants from logistic regression analyses after adjusting for age and sex.
Nine-year incidence of obesity B Nemesure et al with increasing age. Interestingly, the percentage weight loss in women X60 years was 2-3 times greater than the change in men of the same age group. Overall, persons in their forties had a mean percentage weight gain of 2.8% (s.d. ¼ 8.8), whereas those 70 years of age or older had a mean percentage weight loss of 5.0% (s.d. ¼ 11.2). With respect to absolute weight change, men and women in their forties gained B2 kg on average over the 9 years, whereas those in their fifties lost 1 kg. Men who were 60 years or older at baseline tended to lose 1.5 kg over the study period and women in the same age category lost B3 kg in 9 years. Table 3 provides the age-and gender-specific distribution of change in BMI category from baseline to the 9-year followup. Among men who had a normal BMI at baseline, 21.1% became overweight after 9 years and 1.5% became obese. Additionally, a total of 13.1% of men who were overweight at baseline were obese at their 9-year visit. Increases in BMI over time were most frequent among younger men (40-49 years), in which more than 30% of those with normal BMI at baseline became overweight and about 20% who were overweight at baseline became obese. These increases were approximately two times as high as those noted in the older age groups. Among the women, 2.4% who had a normal BMI in BES were found to be obese at the time of their BISED II examination, while 20.6% of those overweight at baseline were obese by their 9-year visit. Similar to the men, women between 40 and 49 years of age were more likely to have had increases in BMI than women in the older age groups. Among those aged 40-49 years, B30% of women with normal BMI at baseline became overweight and 5% were found to be obese at their 9-year follow-up visit. It is also noted that of those persons who were obese at baseline, B30% of men and 20% of women reduced their BMI to less than 30 kg m À2 after 9 years.
The age-and sex-specific 9-year incidence of obesity and overweight is presented in Table 4 . The 9-year incidence of obesity was 10.1%, with rates almost twice as high in women compared to men (13.1 vs 6.9%). Incidence steadily decreased with increasing age, with 14.4% of those 40-49 years of age developing obesity after 9 years compared to only 1.5% among persons 70 years of age or older. This decline was markedly steeper in women than men. Among Table 3 Age-and sex-specific distribution of change in body mass index (BMI) category from baseline to 9-year follow-up
Age group, years BMI at baseline BMI at 9 years Men Women 
Discussion
Although it has been well documented in recent years that obesity rates are at record high levels and are continuing to rise, most published reports have focused on cross-sectional data. [2] [3] [4] [5] [6] [7] [8] These data are useful for providing prevalence estimates but are limited in their ability to determine rates of change. The longitudinal data from the present study provide incidence estimates for obesity in a predominantly African-origin population, where the prevalence of overweight is known to be high. In BES, the prevalence of obesity was 24% (12% in men, 33% in women). 22 Findings from the present investigation indicate that over the 9-year follow-up period, the incidence of obesity in this population was 10%, with rates among women almost twice as high as those among men.
Weight change
In the absence of longitudinal data, secular changes in weight have been approximated by taking mean differences between prevalence estimates at two or more points in time. 5, 6, 8, 23 The Atherosclerosis Risk in Communities (ARIC) study is one of the few longitudinal cohort studies to provide data on weight gain over a 6-year period. 24 The ARIC study included more than 9000 Caucasian and African-American (AA) men and women between 45 and 64 years of age. Among the 595 AA men and 972 AA women participating in that study, the average weight gains over 6 years were 3.7 kg (s.d. ¼ 11.9) and 6.0 kg (s.d. ¼ 15.1), respectively. These data were not stratified by age, however, therefore making comparisons difficult, as weight loss is known to occur around 60 years of age. Two other reports, based on the National Health and Nutrition Examination Survey Follow-up Study (NHEFS), provided longitudinal data on mean weight change. The first included more than 3500 women 30-55 years of age and found a 2.3-kg weight gain for African-origin women and a 2.1-kg increase for Caucasian women in 10 years, after adjusting for age. 12 The second study included 5117 participants, spanned a 20-year period, and presented results stratified by age, gender and race. 4 The results showed that AA women between the ages of 36 and 47 years gained (on average) 5.0 kg in 20 years, whereas those women in the 48-to 60-year and 61-to 74-year age groups lost 5.0 and 7.3 kg, respectively. Although younger AA men (36-47 years) had similar weight gains as the women in this age group (4.5 kg over 20 years), AA men who were between 48 and 60 years of age at baseline gained 2.7 kg over 20 years and those between 61 and 74 years remained relatively stable, losing only 0.9 kg during that period. During the 9-year period in BES, absolute weight changes for AB men and women were similar for those with baseline ages younger than 60 years. Both men and women in their forties gained B2 kg over 9 years, whereas those in their fifties lost about 1 kg. A noticeable difference between genders was observed for those who were 60 years of age or older, with men losing 1.5 kg and women losing about 3 kg over the 9-year period.
Comparisons among studies are difficult to interpret; however, as the data are presented as absolute weight changes rather than percentage of weight change. That is, a 5-lb Nine-year incidence of obesity B Nemesure et al weight gain over 10 years in a 100-lb woman is not equivalent to the same absolute weight gain over the 10-year period in a woman weighing 200 pounds. Although few reports have included data on the percentage of weight change over a given period of time, one analysis, also using data from the NHEFS, indicated relatively no change in weight for persons between 45 and 64 years of age; whereas among those 65-74 years, men lost 4.1% and women lost 6.3% of their baseline body weight over 10 years. 2 Findings for the women and younger (o65 years) men in the present investigation are consistent with those reported by NHEFS; whereas, the weight loss percentage among men in the BES over the age of 65 years was notably lower (2.4%) over the 9-year study period. This may be due to the fact that men in Barbados are known to be significantly leaner than American men 5,22,25 with 11.5%
of men in the BES found to be obese 22 compared to 21-24% of adult AA men. 5, 25 Thus, it is less likely for BES men to reduce their weight. It should be noted that percentage of weight changes in AB men compared to AB women over 9 years were similar for those less than 60 years of age; however, the average percentage of body weight lost among women who were X60 years was 2-3 times higher than the percentage lost by men in the same age range. This may be a result of regression to the mean, as AB men are relatively lean, whereas AB women are known to be heavier. 22 Besides age and gender, other factors have been found to be associated with obesity in the BES. 22 Hypertension, elevated glycosylated hemoglobin level and non-professional occupation have been implicated as being positively associated, whereas current smoking status was inversely related to obesity in this population. Additional genderspecific risk factors included current drinking among AB men, while multiparity and lower socioeconomic status (SES) were important among AB women. These findings combined with the data from Tables 2 and 3 suggest that persons in a particular age, gender and BMI group, who also have other possible risk factors may benefit from targeted interventions to reduce their weight/BMI as they age.
Incidence of obesity/overweight
Two studies have reported longitudinal changes in BMI level from baseline to follow-up stratified by baseline BMI category. The first was a 7-year incidence study in a Mexican population of men and women 35 to 64 years of age. 11 The findings indicated that among the 608 women at risk, 1.7% of those with normal BMIs (X18.5 and p24.9 kg m
À2
) and 24.5% of those who were overweight at baseline became obese within 7 years. The corresponding rates among the 521 men were 0 and 17.3%, respectively. The second study included more than 4000 Caucasian participants from the Framingham Heart Study and found that o1% of both men and women with normal BMIs at baseline developed obesity after 4 years. 20 Of those who were overweight at baseline, 15-20% of women and 12-13% of men 40-59 years of age became obese during the 4-year study period. Though not stratified by BMI level, longitudinal data on obesity were reported for African-origin women participating in the NHEFS. 12 The results were based on 535 AA women, 30-55 years of at baseline, and the 10-year incidence was estimated to be 15.5% (95% confidence interval (11.2,19.7) ). AA women were found to be 60% more likely to become obese than Caucasian women.
Results from the present investigation provide the 9-year incidence data for both genders in a population of African origin. Although comparisons must be made with caution due to the different age and sex distributions in the various studies, when duration of the study periods is taken into account, our incidence of obesity findings are consistent with the two other reports. Among those who were overweight, however, the incidence rates in AB are slightly less than those in the Mexican and Caucasian populations. This is likely explained by the older age of the BES cohort, as weight status is inversely related to age in older adults (Po0.05).
Incidence rates of obesity in the BES are about 1.5 to 2 times as high for women o60 years of age as men. Overall, the 9-year incidence of obesity in Barbados is 13.1% among women and 6.9% among men. The rates among AB women are consistent with those reported in Framingham and NHEFS, 12, 20 yet are somewhat lower than those in the Mexican population. 11 On the contrary, the incidence of obesity among Caucasian and Mexican men is 1.5 to 2 times higher than among AB men. 11, 20 Again, this is likely attributed to the older age of the BES cohort, as well as the leanness of AB men compared to other groups. Incidence of overweight has been reported using data from Framingham, NHEFS and the Mexico City cohort. 11, 13, 20 The 4-year incidence rates of overweight in Caucasian men and women 40-59 years of age from the Framingham study were 26-27% and 18-19%, respectively. 13, 20 The 7-year rates among Mexican men and women between the ages of 35 and 64 years were 25 and 34%, respectively. 11 In NHEFS, African-origin women 35-44 years of age had a 24% 10-year incidence of overweight compared to 13% of Caucasian women in the same age group. 13 It should be noted that overweight was defined by a BMIX27.3 kg m À2 in that NHEFS report. In BES, the 9-year incidence of overweight was 23% in men and 24% in women. Rates were higher among younger (o60 years) women than men, yet the magnitude of the difference between genders was not as striking as the rates for obesity incidence in the younger age groups. Again, direct comparisons of incidence rates with other studies must be made cautiously; however, when comparing rates among appropriate age groups, it appears that the incidence rates for overweight in Barbados are slightly lower than those reported in Framingham and Mexico City. The incidence of overweight in AB women appears to be more consistent with AA women from the NHEFS, though such comparisons were only possible for AB women in the Nine-year incidence of obesity B Nemesure et al youngest age group, as the NHEFS report was based on American women 30-55 years of age.
12 Differences in incidence rates of overweight between the BES and other studies may be due to population differences (including cohort demographics), temporal influences, variability in measurements among the studies or other possible factors.
The present investigation has numerous strengths, including its population-based design at baseline, standardized protocols and long-term follow-up in a cohort with good participation. Significant differences between those who participated after 9 years and those who did not were noted with regard to weight, BMI and the percentage of those overweight at baseline. These differences, however, may be attributed, at least in part, to the significantly younger ages of the participants. It has been shown in this population and others that obesity rates in adults increase, on average, until B60 years of age and then decline thereafter. 5, 22, 26 Thus, it is not surprising that participants, with a mean age of 56 years, were heavier and more likely to be overweight than the older group (mean age 63.5 years) of non-participants. Therefore, we cannot discount the possibility that the older ages of the non-participants may lead to an underestimation of the incidence rates. Additionally, other factors may also contribute to the findings, such as substantial weight gain/loss among non-participants and/or subsequent death or unwillingness to be reevaluated, which may result in under/ overestimates of the incidence rates. We do not believe, however, that these extreme cases would substantially influence the results.
Limitations
Losses to follow-up as a result of death or inability to complete the study examination are inherent problems of longitudinal studies and may bias the results. We also did not have measurements of percentage body fat or weight data just preceding the baseline visit or for the interim period between baseline and follow-up. As such, since incidence rates were determined among those who were not obese at baseline, we may have misclassified individuals and included/excluded them based solely on their baseline weight. Additionally, since we did not regularly monitor weight changes over the 9-year period, we were not able to determine the exact point in time when participants initially became obese and we were not able to consider weight cycling over the study period. Errors in measurement, especially among those persons with BMI levels close to the cutoffs for defining overweight/obesity may also bias the results, as well. In summary, the incidence of obesity and overweight in this aging population of African origin was consistent with previous studies. Incidence rates tended to be higher among women than men and among middle-aged persons (40-60 years) compared to those in other age groups. Excess weight and its associated medical conditions pose great personal and public health burdens and require the development of strategies for the successful prevention and treatment of this growing epidemic. In the present investigation, we have documented the increasing rate at which obesity continues to develop, thus highlighting the need for guided interventions.
